Background: A germline deletion in BIM (B cell lymphoma-2-like 11) gene has been shown to impair the apoptotic response to epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) in vitro but its impact on response to EGFR-TKIs in patients of nonsmall cell lung cancer (NSCLC) remains controversial.
Introduction
Nonsmall cell lung cancer (NSCLC) is a kinase-driven cancer, in which, epidermal growth factor receptor (EGFR), a common kind of tyrosine kinase, can bind to extracellular ligands and transfer a phosphate group from ATP to the tyrosine residues of target proteins to regulate survival of cancer cells. [1] EGFRtyrosine kinase inhibitors (TKIs) can compete with ATP to bind to the intracellular catalytic domain of tyrosine kinase and consequently inhibit the process of cross-phosphorylation. [2] EGFR-TKIs, such as gefitinib, erlotinib, and afatinib, are widely used for treatment of EGFR-mutant NSCLC. [3] Despite high response rates with first-line EGFR-TKIs, a considerable portion of EGFR-mutant NSCLC patients develop acquired resistance after 9 to 18 months of treatment. [4, 5] Approximately 30% of EGFR-mutant NSCLC patients displayed intrinsic resistance to EGFR-TKIs. [5, 6] Pro-apoptotic protein BIM (also known as B cell lymphoma-2-like 11) is a BH3-only protein of the BCL-2 family. The BH3 domain can bind and regulate the antiapoptotic bcl-2 proteins (bax, bak) to promote apoptosis. [7] Activation of BIM is essential for apoptosis triggered by EGFR-TKIs in EGFR-mutant NSCLC. [8] [9] [10] A 2903-bp germline deletion polymorphism in intron 2 of BIM gene was found in chronic myeloid leukemia (CML) and EGFR-mutant NSCLC in 2012. [11] BIM deletion polymorphism results in the generation of alternatively spliced isoforms of BIM that lack the crucial BH3 domain, thus impairs the apoptotic response to TKIs and confers NSCLC cells intrinsically resistant to TKIs in vitro. [11] Accumulating articles about the impact of BIM deletion polymorphism on response to EGFR-TKIs in NSCLC patients have been published. However, the results were contradictory. Some studies showed that NSCLC patients harboring BIM deletion polymorphism had inferior response to EGFR-TKIs than those with BIM wild after TKIs treatment, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] while others argued that there was no difference in response to EGFR-TKIs in NSCLC patients with and without BIM deletion polymorphism. [21] [22] [23] [24] In order to obtain an objective and consistent conclusion, we conducted this comprehensive analysis to demonstrate the impact of BIM deletion on response to EGFR-TKIs in NSCLC patients.
Materials and methods

Ethic statement
This meta-analysis was performed based on previously published studies, ethical approval was not necessary.
Literature search
A comprehensive literature search was conducted in the database PubMed and Embase using the subject headings and text words of the following terms: BIM ("BCL2L11," "B-cell lymphoma-like 11," "BCL-2-like 11"), TKI ("Tyrosine kinase inhibitor," "gefitinib," "erlotinib," "afatinib"), and NSCLC ("Non-Small Cell Lung Cancer," "Nonsmall Cell Lung Cancer," "non-small cell lung cancer," "Lung Adenocarcinoma") dating up to October 1, 2018. Manual retrieval was performed to obtain relevant studies by reviewing all the reference in the eligible studies. This study was approved by the Institution Ethics Commission of Weifang Medical University.
Eligibility criteria
Eligible literatures were identified in accordance with the following inclusion criteria: (1) Prospective or retrospective studies concerning the impact of BIM deletion polymorphism on response to EGFR-TKI therapy. (2) Studies in NSCLC patients with or without EGFR mutations. (3) Response data in studies were available. (4) Published full texts were available. However, review articles, systematic reviews, meta-analyses, and case studies were excluded.
Data extraction
Objective response rate (ORR), disease control rate (DCR), and overall survival (OS) were the primary outcomes and progression-free survival (PFS) was the second outcome for this metaanalysis. For ORR, the cases of events were extracted by response rate multiplied by number of patients with BIM deletion polymorphism or with BIM wild. For DCR, the cases of events were extracted by DCR multiplied by number of patients with BIM deletion polymorphism or with BIM wild. For OS and PFS, hazard ratios (HRs) and 95% confidence interval (CI) of patients with BIM polymorphism compared to those with BIM wild in EGFR-TKI-treated NSCLC were extracted. If HR and 95% CI for PFS or OS were not given in the study, the data were extracted from Kaplan-Meier curve by the method of Tierney. [25] Data from all eligible studies were extracted independently by 2 investigators. Any disagreement was discussed with the third investigator to reach a consensus.
Statistical analysis
Statistical analysis was performed using Revman 5.3 (The Nordic Cochrane Center, the Cochrane collaboration, Copenhagen, Denmark) and STATA 11.0 software (Stata Corporation, College Station, TX) and pooled odds ratios (ORs) for ORR and DCR were calculated by Mantel-Haenszel method with fixed-effect model, and pooled HRs for PFS and OS with 95% CIs were calculated by inverse variance method with random-effect model. Statistical significance was set at a 2-sided P < .05. A forest plot was applied for display of results.
For heterogeneity evaluation, chi-squared tests and I 2 inconsistency statistics were used. A significant heterogeneity was considered when P H < .10. I 2 values of 0% to 24.9%, 25% to 49.9%, 50% to 74%, and 75% to 100% were considered as none, low, moderate, and high heterogeneity, respectively. [26, 27] Sensitivity analysis was performed to estimate stability of overall effect by omitting each eligible study or changing combination model. Publication bias was evaluated by Begg funnel plot and asymmetry of funnel plot was considered as an existence of publication bias. [28] 2.6. Meta-regression Meta-regression was performed to assess the effect of the following given characteristics in the original articles on lnHR for PFS: gender (female vs. male), smoking history (without vs. with), Eastern Cooperative Oncology Group (ECOG) performance status (0-1 vs. 2-4), pathology (adenocarcinoma vs. nonadenocarcinoma), clinical stage (III B vs. IV, relapse), EGFR mutation (exon19 vs. L858R), TKI type (gefitinib vs. erlotinib, afatinib), and line of TKI treatment (first vs. second or more).
Results
Eligible studies
Three hundred forty-five records were identified using the search strategy, and 85 duplicated articles, 216 unrelated articles, 11 conference abstracts of the same original articles, 7 articles concerning BIM mRNA expression levels, 6 conference abstracts with data unavailable, 2 articles concerning the effect of other therapy, 1 article concerning lung cancer susceptibility, 1 in vitro study, 1 meta-analysis, and 1 report were excluded. Finally, 14 studies were eligible. ORR and DCR were available in 8 and 7 studies, respectively. PFS was available in 14 studies, and OS was available in 6 studies. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) study flow diagram was shown in Fig. 1. 
Study characteristics
A total of 14 articles including 2 prospective studies and 12 retrospective studies with 2694 patients were included in this meta-analysis. Among them, 13 studies were in Asian populations and 1 study was in Latin American population. Gefitinib, erlotinib, and afatinib were investigated in 13, 11, and 2 studies, respectively. TKIs were used as first-line therapy in 3 studies, firstline or more-line therapy in 11 studies (Table 1) .
ORR analysis
Eight studies including 1012 patients were pooled for ORR analysis. P H = .16, I 2 = 33%, indicating low heterogeneity of [23] Taiwan Retro 327 52 MPE IV Gefitinib, erlotinib, afatinib First or more Qian K 2017 [19] China Retro 85 14 Tumor tissue IIIB, IV Gefitinib, erlotinib, afatinib First Sun S 2017 [24] China Retro 140 37 Blood III, IV Gefitinib, erlotinib First or more Yuan JP 2018 [20] China these studies. The pooled estimate of the ORs in NSCLC patients harboring BIM deletion, compared with those harboring BIM wild was 0.49, 95% CI: 0.34 to 0.70, P < .001 ( Fig. 2A) . Sensitivity analysis ensured the consistent result and Begg test showed that there was no publication bias (Fig. 2C) .
DCR analysis
Seven studies including 972 patients were pooled for DCR analysis. P H = 2.78, I 2 = 0%, indicating low heterogeneity of these studies. NSCLC patients harboring BIM deletion polymorphism showed worse DCR (OR, 0.50; 95% CI: 0.30-0.84; P = .009) than those harboring BIM wild (Fig. 2B) . Sensitivity analysis ensured the consistent result and Begg test showed that there was no publication bias (Fig. 2D) .
OS analysis
Six studies including 655 patients were pooled for OS analysis. P H < .001, I 2 = 82%, indicating high heterogeneity of these studies. Meta-regression revealed that the exp(b) for South Korea and Taiwan versus other countries was 1.80, 95% CI: 1.31 to 2.47, P = .007 (Fig. 3B) ; therefore, countries may be the source of heterogeneity. In the subgroup of South Korea and Taiwan, 
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Medicine P H = .92, I 2 = 0%, in the subgroup of other countries, P H = 0.74, I 2 = 0%, suggesting the consistency of the studies in the 2 subgroups. In both subgroups, NSCLC patients with TKI therapy who harbored BIM deletion polymorphism had statistically significant shorter OS than those with BIM wild (in subgroup of South Korea and Taiwan, HR = 1.34, 95% CI: 1.18-1.53, P < .001; in subgroup of other countries, HR = 2.43, 95% CI: 2.03-2.91, P < .001) (Fig. 3A) . Sensitivity analysis ensured the consistent result and Begg test showed that there was no publication bias (Fig. 3C ).
PFS analysis
Fourteen studies including 2114 patients were pooled for PFS analysis ( Table 2 ). P H < .001, I 2 = 79%, indicating high heterogeneity of these studies. To find out the sources of heterogeneity, meta-regression was performed using STATA 11. Although the overall HR of the 14 studies is 1.66, 95% CI: 1.27 to 2.17, P < .001, this cannot be interpreted because the high heterogeneity. However, 2 subgroups could be obtained through sensitivity analysis. In subgroup A, P H = .36, I 2 = 9%, NSCLC patients with TKI therapy who harbored BIM deletion polymorphism had statistically significant shorter PFS than those with BIM wild (HR = 2.03, 95% CI: 1.71-2.40, P < .001). In subgroup B, P H = .740, I 2 = 0%, NSCLC patients with BIM deletion and with BIM wild had similar PFS (HR = 0.92, 95% CI: 0.79-1.07, P = .26) (Fig. 4) . Begg test showed that there was publication bias (Fig. 5 ).
Discussion
Meta-analyses of the correlation of BIM deletion polymorphism and response to EGFR-TKIs in NSCLC patients have been conducted before the year 2016, [29] [30] [31] [32] [33] which were performed based on small number of studies and high heterogeneity. Therefore, the conclusions made by these meta-analyses should be interpreted cautiously. Since more original studies in this area have been published in recent 3 years, [17] [18] [19] [20] 23, 24] we conducted this updated meta-analysis to obtain an objective and consistent conclusion. To the best of our knowledge, this updated metaanalysis collected the comprehensive literature and was more accurate as the heterogeneity in the analysis was low.
In 2012, using paired-end DNA sequencing, Ng et al [11] discovered a 2903-bp germline deletion polymorphism in intron Figure 4 . Impact of BIM deletion polymorphism on progression-free survival (PFS) to EGFR-TKIs. Hazard ratio (HR) for PFS to EGFR-TKIs in NSCLC patients with BIM deletion polymorphism versus those with BIM wild. BIM = B cell lymphoma-2-like 11, EGFR-TKIs = epidermal growth factor receptor-tyrosine kinase inhibitors, NSCLC = nonsmall cell lung cancer. In retrospective study in East Asian subjects from Singapore, Malaysia, and Japan, they found CML patients with BIM deletion polymorphism showed inferior DCR compared with controls after imatinib treatment and EGFRmutant NSCLC patients with BIM deletion polymorphism showed shorter PFS compared with controls after gefitinib or erlotinib treatment. However, there was no influence of this polymorphism on response to imatinib in Chinese patients with CML. [34] Since BIM deletion polymorphism was found only in individuals of East Asian decent, the studies on the impact of BIM deletion polymorphism on the response of EGFR-TKIs in NSCLC were performed mainly in China, Japan, Korea, and South Korea. The results of these studies were contradictory.
By analysis of these studies, we found that NSCLC patients with BIM deletion polymorphism showed inferior ORR, DCR, and shorter OS than those without the polymorphism, which strongly suggested that BIM deletion polymorphism influenced the response to EGFR-TKIs and contributed to the resistance to EGFR-TKI in NSCLC patients. The EGFR-TKI-resistance due to BIM deletion can be circumvented by BH3 mimetics (ABT-737) [11] or histone deacetylase (HDAC) inhibitor (vorinostat). [35, 36] Combined therapy of vorinostat and gefitinib to treat BIM deletion-associated resistance in EGFR-mutant NSCLC is under clinical trial in Japan. [37] If successful, EGFRmutant NSCLC patients with BIM deletion polymorphism will benefit from the combined therapy.
Although this meta-analysis was performed with comprehensive literature and lower heterogeneity, the limitations cannot be neglected. First, PFS was taken as an important outcome in all the 14 original studies; it should be taken as the primary outcome in our analysis. However, the heterogeneity is high across studies, so it was taken as secondary outcome. Second, among the 14 studies, 10 studies were in favor of the correlation of BIM deletion polymorphism and poor response to EGFR-TKIs, while other 4 studies held that BIM deletion polymorphism had on influence on EGFR-TKIs response. Begg test showed that there was publication bias. Third, it was reported that smoking status and tumor histology are independent risk factors for the prediction of PFS to EGFR-TKIs therapy, [38, 39] so we performed meta-regression with clinical characteristics to find out the source of heterogeneity across studies. However, the reported characteristics in original studies including sex, smoking history, ECOG performance status, pathology, clinical stage, EGFR mutation type, TKI type, line of TKI treatment, did not account for the heterogeneity. Song et al [40] reported that PFS of EGFR-TKI therapy in EGFR-mutant NSCLC could be stratified by the proposed 12-CT-phenotypic-feature-based signature, which may be the source of heterogeneity across studies.
Conclusions
In summary, this meta-analysis revealed that NSCLC patients with BIM deletion polymorphism showed poor response to EGFR-TKIs. BIM deletion polymorphism might be genetic cause of resistance to EGFR-TKIs therapy, and it could be used as a biomarker to predict the response to EGFR-TKIs in NSCLC patients, NSCLC patients without BIM deletion polymorphism will benefit from EGFR-TKIs therapy. 
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